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GEL PAD ARRAYS AND METHODS AND SYSTEMS FOR MAKING THEM 



Related Applications 

This application is a continuation-in-part of U.S. Provisional Serial No. 60/075,698, filed 
January 21, 1998; U.S. Provisional Serial No. 60/071,980, filed January 20, 1998; and U.S. 
Provisional Serial No. 60/072,089, filed January 21, 1998. The contents of each of these 
provisional patent applications is hereby incorporated by reference. 

Background of the Invention 

Rapid advances in the ability to accurately determine polynucleotide seauences. such as 
DNAs and RNAs from the genomes of organisms, has made possible the sequencine of huge 
quantities of polynucleotides. In recent years, the entire genomes of microorganisms, such as 
Helicobacter pylori, have been sequenced. 

Traditional sequencing methods have relied on automated sequencing equipment which 
processes a polynucleotide strand one base at a time. A more recent approach, sequencing by 
hybridization (SBH), which could potentially increase sequencing throughput, relies on 
fragmenting a target polynucleotide into short segments; these short segments can be captured, 
for example on an ordered microarray of immobilized complementary single-stranded DNA 
probes, and the sequences of the target polynucleotide determined by analyzing the overlap of the 
sequences of the DNA probes bound to fragments of the target polynucleotide. See, for example, 
U.S. Patent No. 5,525,464 to Drmanac et al. Microarrays of DNA attached to a solid support 
have been prepared, see, for example, U.S. Patent 5,445,934 to Fodor et al. 

Often, however, DNA microarrays are limited to analyzing nucleic acids in a single, fluid 
environment An alternative to conventional DNA microarrays on a solid support is a microarray 
comprising biological molecules, such as DNA, attached to a matrix of crosslinkcd polymers 
known as gel pads. See, e.g., U.S. Patent No. 5,552,270 to Khrapko et aL Gel pads provide the 
ability to customize the micro-environment surrounding the DNA in each individual gel pad, 
which makes possible more sophisticated experiments in micro-array format. 

However, although gel pads have certain advantages over convention micro-arrays, new 
types of arrays, and methods for making them, are needed. 

Summary of the Invention 

This invention features gel pad arrays, e.g., arrays on a support, and methods for making 
and using them. The arTays can be used for sequencing by hybridization (e.g., where the pads 
include nucleic acid strands immobilized within the gel matrix), for cell based assays (e.g., where 
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( 1 ) providing a substrate on which is disDOsed a «|. 0 a ' „, a 
molee , (3> f k °7 eXPmdKi inK " i8em ?Cl ,0 Cono *'- "*er=in »P°" 'Onrraction 

« ™,7 T ,he sel ' tereby fom,m8 a 8 " ta ™« a — • ■ 

e.g., concentrated nr rantur^H »i i ^ ' 
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e.g., concentrated or captured, within the gel. 

In a pr.fe.red embodimem rhe subsrance car, be a nucleic acid, eg., DNA RNA or a 
or ™ ,e '"' C ' 8 " " WhiC " m ° Me$ WK t S " DNA « • ■* 
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Substances which can be disposed within a gel can include the following- 

1" iS r nant W '° n ' CXamP,e: 3 — ** med -« the 

exp ession of specific genes, e.g., hormones, e.g., glucocorticoids; DNA subunits e g 

nuc,eot I des,e.g.,dideoxy nucleotides; a molecule that donates a phosphate group' e g ATT- a 
c^ohydrate; a protein; a nucleic acid; a lipid, e.g., a « based in whoLr in X 
lipids, e.g., bilayer membrane; 

oromo,l P r in m " em " mi " y ' liVi " 8 ""• f ° r CXamp ' e: 3 > m ™ lh * wi* the 

promo cr of a gone, eg., a transcription factor; a pro.cn rha, interact win, .ho origin of 

a «1 1 M Pr ° ,ein; 3 Pr0Ki " aSS0Cia,ed wilh *" —I— of a call c g 

pr^S, / r ' Pr0,em Wi,h »«*• «* RNA binding 

Zc^T ; " aSS ° C,a,5d Wi ' h W ^ ■* - -*«■* a protein 

Ure chaomatm of a cell, e.g., a hrsrone; a prorein lhat mediates prorein folding e . a chaoerone- 
a protetn aviated »i,h cell cycle regular™, e.g., eyclin A; 
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Enzymes that are generated by living cells, for example: an enzyme that links two nucleic 
c d molecules together, e.g., a DNA or RNA Hgase; an enzyme that cuts nucleic acids, e g 

a c^e circu^ dsDNA , § *" ^ * " ^ ^ * *^<* 

a closed .rcular dsDNA molecule, e.g., a topoisomerase; an enzyme that modifies the ends of a 

chromosome, e.g., a telomere; an enzyme comprised in whole or in pan of RNA e . a 

™ rr t s r erates proieins from 31,11110 acid e - g - a ^ - 

nTh t * " ' P groUP§ ° nt0 3 Pr0tCin ' «*' a ^ - *« "moves a 

Phosphate from a protem, e.g., a dephosphory.ase; an enzyme that generates a srrand of RNA 

from a template nucleic acid, e.g., an RNA polymerase; an enzyme that generates a strand of 

DNA from a nucletc acid template, e.g., a DNA polymerase or a reverse transcnptase- an 

enzyme that functions as part of the DNA repair process, e.g., an enzyme that modifies 

mtsmatched base pairs in double-stranded DNA, e.g., an endonuclease or an exonuclease; 

e. h ? 11S ; C ' n T that " n 06 CUltUred ^ f ° r eXamplC ' livin ^ cells > «*• bacterial cells, 
e.g., bactenal cells that cause disease in humans (e.g. Stapholococcus Aureus, E. coliV living 

cells, e.g., eukaryotic cells, e.g., fungal cells, e.g., yeast; living cells, e.g., eukaryotic cells, e g 
-ammahan cells, e.g., human cells, e.g., colon cancer cell, e.g., human cell lines derived from 
colon cancer cells, e.g., colo320 cells; cells useful in this assay include cells from nematodes, 
e.g., C. elegans; flies, e.g., D. melanogaster; mouse, e.g., laboratory strains of mouse; rat e g 
laboratory strains of rat; chicken; cow; bovine; fish, e.g., zebra fish; feline, e.g., house caf " 
canine; rabb,t, e.g., laboratory strains of rabbit; frogs, e.g., Xenopus laevis; primates e g ' 
humans or monkeys; 

preferred embodiments these colls will be modified with a foreign pieee of DNA, e.g, 
a foreign DNA ma, incorporates i,self imo genomic DNA tough ,he procesa of eloning. In 
other embodiments, forelgn DNA emera the cell bn, ia no, incorponued imo genomic DNA, e.g., 

T "P*— - *» «* a plasmid. For example. ,he cells 

m. modeled * foreign DNA ma, codea for a selecdve factor, e.g.. a protetn that enab.ea the 
c=U ■ rests, a toxte chemical, e.g.. an antibiotic, e.g., beta laoamase. AlternativCy, the foreign 
DNA codes for a recombinan, molecrle, e.g„ a recombinant protein, e.g., a fbaion protein. e.g ' 

IS™h ASP " ASP ' ASp - LyS) «" "■»« ° f *■ -*» «* (U. HIS tag) for capture 

^ Pr °' em - A " eraa,ivd ^ < he f °-sn DNA codea for a motecole tha, impam a 
ptopenym the cell, e.g., a ntmitive propmy , e.g., the ability of the coll ,o grow i„ the absence of 
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a molecule, such as an amino acid, in the gVowth media, e.g a gene codine for . • 

to the metabolic pathway leading to a specific amino acid; § * 

5 virus fliS" " VimSeS ** inV2de ^ Cdls ' «*• h — immunodeficiency 
vtrus (HIV) or herpes stmplex; v ir uses that invade bacteria, e.g., bacteriophage; and 

Proteinaceous agents that cause disease, for example, proteins that are associated with 

10 

In a preferred embodiment, the substance is a panicle, e.g., an insoluble panicle e . a 
polymenc parucle. The paruc.e can be a magnetica.ly responsive panicle. Mol cul e g 
nucletc ac ld molecules can be associated, e.g., adhered to or coup.ed to the particle 

^ stumuli-^s^ ^ b0d ~ 8d " C2USCd 10 COnMCt by ***** » to -ironmental 
stunui tbs stimuL can mdude changes m temperaturej jon . c 

field, the presence of specific molecules, stress and solvent composition. 

20 polymer^ "^T * * **" ^ *~> ° f ^Macry.amides 

20 P ol ^e.g.,NM S o P ropylacrylamide(NIPA)andN,N-Die^^ 

withfo th tePS , 2 ™ 3 bC rePeated ' 6 - 8 - t0 Pr ° Vide fbrthCT —nation of the substance . 
wtthm the gel. They can be repeated at least 2, ,0. 50, 100, 250, or 500 times. Thus in a 
preferred embodiment the method farther includes: 

25 causing the gelofstcp3toexpand.ee bv exnt>.™„ i, >„ . ■ . 

sreL whit. ;„ «. \ > exposing it to, e.g., temperature, and contacting the 

* rid. m the expanded state, with a substance, e.g., a sototc in a soiution, and aUowing the 
prance to otter the g e 1; causing the expanded indigent ge, to contract, wherein upoL 
conation molecules of the substance remain in Uie ge,. Tbe substance z3n be „e sle 

30 ZZ" ' ^ 3 (aU0Wi " 8 ' a - te ° f « or can be a different 

In a prefared embodiment a plurality of substances to be disposed inside the gel are 
bmugh, mm eonuc, with the gel, simultaneous,, „ ly , or bolh ^ 



-5- 



In a preferred embodiment, a step of the method is performed in resoonse to a signal 
generated by a computer. 

« T, ^ g ™ eral,theinVemi0nfeatoeS ' a ^ 

5 The method includes: H 
providing a first gel layer, e.g., an intelligent gel, on a substrate; 
selectively removing portions of the first gel layer to create voids in the first gel layer 
providing a second gel in the voids; and 

removing the first gel layer, such that an array of gel pads is provided. 
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In a preferred embodiment, a step of the method is performed in response to a signal 
generated by a computer. 

In another aspect, the invention features, a method of making a partem in a gel layer on a 
substrate, e.g., forming a mold, or forming an array of gel pads. The method includes- 

(1) fomung, e.g., by casting, a layer of a gel, e.g., an intelligent gel on a substrate e g 
on a non-porous substrate, e.g., a glass or silicon plate, or a porous substrate e g a 
membrane or a glass or a silicon support with microchannels, e.g., with channels less than 
1 0 micrometers in diameter; 

(2) "posing a region of the gel layer to treatment which causes the gel to liquefy Eg a 
laser rasters over the gel layer and irradiates selected gel portions in the configuration of an arra'y 
(see also Patent Cooperation Treaty Publication WO95/04834). Selective exposure can also be 
achieved, e.g. by protecting an area of the gel layer, e.g., such that the unprotected area defines 
an array configuration on the substrate (e.g., a 100 x 100 array of gel pads). An area of the gel 
can be protected by masking the gel layer, e.g., with a mask such as is conventionally used in 
photolithography, the mask protects the masked gel from a phase change; and 

(3) removing the treated or untreated area of the gel, e.g., removing the area of the gel 
layer which has been exposed to the treatment, thereby defining a pattern of gel on the substrate. 
By way of example, gel in an area which are exposed to treatment, e.g., the laser source, also 
become liquefied and the liquefied portions are removed, e.g., by gentle washing. (The gel layer 
can also be selectively heated by other means, such as an array of heated wires or probes which 
are brought near to, or into contact with, the surface of the gel layer.) 

^ method can bc u *ed to produce a gel layer having a pattern, e.g., an array of voids, 
35 channels, grooves, holes, or wells, or the like, formed by removal of the gel portion exposed 

to the treatment, e.g., a laser source. 
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fcm a patren, of ge! on ,h= subs™, B v „ ay of ™,=Th ' " 

Ugh,. The exposed pomons of the gel liquefy sod are poured offor washed off with a iTI" 
solvent, wuhou, disnarb.ng lh e array. After irradiarion and remova, of the ml P L1 ' 
an ».» of gel pads is ob,a,„ed. A„e ra a„v tl y, convemionai gcls Mn be J^* «*> 

15 of DNA^ ^ taCO,POn " e relgemS ' ^ E "0»™=l«o«ide P">nes for captunng fragments 
of DNA front a solu-on; alternative*, such reage„,s oan be added after the ly has ^ 

inomdeffillT emb ° iimmS « hC ratlhod ■»*- « ™y of voids and ft. method funher 

20 ^.tZTwT" V * * ' ^ ' gd *- "» - •* A void or 

vo,ds oan be filled w„h, e.g„ a second gel wh,oh is, eg., a different inrelligen, gel or a 

convent^ go,, such as polyacrylamide. The seoond ge, can be afiowed to so ,W , 0 form a 
widZZ T, m °" " e " Sed ,0 ^ m ° f <=°nven,ional gel pads 

6 Pad :. Whhi " ^ " « — - ".cTdlTbe used 

to fa. an anay of .nreUigent ge | pad s within a framework of an intelligent gel iayer Tne 

TO ge! layer can be exposed to a treatment which causes a phase chan « one of 
subf t P0 " enK : ^ ^ COTpWiK '"0" ^ed <e.g., by pZgdae 

o iz ^:;~ 8 bath or a it* ovtn) ,o ^ ** - ^ 

generate: ^T^^T^ * ^ " ^ ~ » ' 



a change in the volume or size of the intelligent gel * eValUating 

changesinprov^ 

In a preferred embodiment the intelligent gei includes, an enzyme e e •„ 
and the reaction of the enzyme with its subset. ... § " 2 " ° Xldase ' 

PH of the gel. Thus in t^esen e f H § " § " ^ glUC0Se > chan ^ *e 

« o brought i <o mac ;:^^T' ; g ; 81 : ose ' in a sampie ^ * 

:;~-thatc, 

be detected and correlated with the glucose concentration. ~ ^ ^ 

In another aspect, the invention provides, a method of forming a eel e B an 
15 pads, on a substrate. The gel can be an ,Wli;„ * , § g " M ° f gel 

. The method includes: ^ ^ ""^^ gd descri ^ herein. 

(1) providing a first substrate having disposed thereon a gel layer eg a oattemed i. 
ofgeU^ „ gel pads, or a pattern of ge, which defme/one oVan ^ ~ ^ 

(2) providing a second substrate; 

20 1 ™J , ^ nsfe ™ g,htse ^ 



be controlled by a computer. This procedure can prevent the formation of arravs which contain 
faulty or non-standard gel pads. ' lturuain 

In a preferred embodiment the gel on the first substrate is contacted with a reaeent prior 
to transfer to the second substrate. By way of example, the gel pads can be further processed 
(e.g., washed, imparted with an additional component, such as a protein, nucleic acid, label 
buffer, or the hke) prior to transfer of the gel pads from the first substrate to the array format on 
the second substrate. 

In a preferred embodiment the first and second substrates are the same material. 

In a preferred embodiment the first and second substrates differ, e.g., in size, flexibility 
transparency, composition, hydrophilicy, hydrophobicity, ability to adhere to a gel layer or state 
of denvmzauon, with e.g., a functional group. For example, gel pads can be prepared on a first 
substrate, e.g., a flexible substrate such as a tape, and then transferred to a second substrate e g 
a less flexible substrate such as a glass or plastic plate, in an array format, to provide a gel pad ' 
array on the second substrate. 

In a preferred embodiment the gel layer is transferred by bringing the first substrate into 
sufficiently close proximity to the second such that the gel is transferred from the first to the 
second, eg., by contacting the second substrate with the gel on the first substrate, such that the 
gel is transferred from the first substrate to the second substrate. The transfer can be facilitated 
by using first and second substrates which have different surfaces, e.g., a hydrophobic first 
substrate and a hydrophilic second substrate; in this example, a hydrophilic gel pad will be more 
adherent to the second substrate and will be transferred from the first substrate to the second 
substrate when the two substrates are pressed together. The transfer can be facilitated in other 
ways. For example, the gel pad can be electrically charged, and the electric charge of the first 
and/or second substrate can be adjusted such that the gel pad is repelled from the first substrate 
and attracted to the second substrate. 

In a preferred embodiment, a layer of an intelligent gel is disposed between the substrate 
and the gel layer. A phase change can be induced in the intelligent gel, e.g., to promote transfer 
of the gel layer form the first substrate to the second substrate. For example, the first substrate 
can be coated with a thin layer of an intelligent gel such as described above, prior to the 
deposits of the gel pads on the first substrate. When the first and second substrates are placed 
into close contact, the intelligent gel can be liquefied or otherwise modified to promote the 
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release of the gel. For example, for an intelligent gel, such as "Smart Hydroee!" which,- r 
a. cooler .emperamres, lipuefacion can be accomplished bv cooiine ,he ald/Ir 7 
subsn™. When .he mrelligen, gel is ,i qM f, e4 me gt , pads ^ t^Z^ ^ 
on .he fa , subsrrate canno, adhere ,o ,he ftrs, substrate, and are referred roTZd 
subarae. s^lariy, forother i„,=„i gem gels , fa fal md/or SKOnd submtM ~ e(| 

• hrgh pH or sal, concenfranon, and ,h= like, » liquefy or soften ,he imoUieem and thereby 
release ihe gel pads from the firs, subsirate. " • 

In a preferred embod.ment. a gel, e.g., one or more gel pads, is transferred from a firs, 
substra e ,o th e second substrate, and a second gd, or second ge, pad or second array of e, pads 
■ fransfenod from a .bird substrate ,„ ,be ftrs, subsna.e. Ge, pads can be transferred to £ 
second substrate in groups, e.g., i„ . row or rows, or one at a time. Thus, a pluraiirv of firs, 
substrates can be used to transfer elements of a panem to a substrate. 

substmKis liT'rf emb T raenI - SUb!,a "" Whkh Pr ° m0,eS adhKi0 " °" h < *' » ' h = — 

sutarate. The subsranoe can aorivate sites which allow the gel to bind to the second subsmtte 
Alternately, sutaance which pron , 0 , K of ^ ^ ^ ^ ^ ^ 

sub'soT P ' eZ ° 10 SeC °" d S " bStt "' Pri ° r '° '™ S( °™ S ' he pad 10 ,ht 

In a preferred embodiment, a step of the method is performed in response to a s.gnal 
generated by a computer. ■ 

using thlnt inVtn "°" a ' !0 fCmUreS """ ,i '' ayertd Sd Pad C ° mS mdm " h ^ ° fm *ft6 and 

leas. Jr?" 8 '* r aSPKt ' ** ' nVemi ° n Pr ° VideS ' g51 ' «*• ■ 8" Pad. which tnoludes a. 
east two gel layers, preferably ,n contact with each other, e.g.. a first eel layer on which is 

disposed a second gel layer, or ftrst gel layer adjacent to and in comoa with a second eel layer 

A rmftt-laycr gel of the mvontion can have two, three, four, or more layers. In a prefe'rred ' 

embodtmen, at leas, one of tbe ftrs, gel layer and me second ge, layer includes an indigent gel. 

to aprefmcd embodiment a ftrs. gel layer includes a firs, reaeent, eg any of a 
ae.d, eg., DNA, RNA. or a probe, a protein, e.g., an en2yme which ^ DNA; , ^ , 
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cell; or a reactant; and a second gel pad layer includes a second reaeent, e.g any of a 
LT UC,e nM e A (e ' S -' 3 Pr ° be SUUable ^ b * hvbridiz'ation), a nucleic 

In a preferred embodiment the gel layers have different porosities. For example the first 
layer has a .arger porosity than does the second, e.g., the first .aver al.ows free passaee of a 
substance, e.g., molecule, e.g., a nucleic acid molecule, or cell, but the second layer has a 
porosny which, when compared with the first, does not allow free passage of the substance 
Such a second gel layer can be disposed over and covering the first gel laver; the second gel 
layer can be a gel having an effective pore size small enough to.prevent the diffusion of hieh- 
molecular-weight substances, such as nucleic ac.ds or proteins. The second layer thus serves as 
an effects barrier to prevent diffusion of substances, e.g., proteins, from a samp.e solution mto 
the first gel layer, or from the first gel layer into solution. The multi-layer gel pad can prevent 
nTgll layer ^ ° T Can prevent the loss of va '^le components from the 

In another embodiment a layered gel has a first layer having a first ionic strength and a 
second layer having a second ionic strength, e.g., a first gel layer has a. relatively, low ionic 
strength, e.g., an ionic strength lower than the ionic strength of a sample solution to be applied to 
the gel pad array, and the second layer has a, re.ative to the first .aver or a soluuon to be applied 
a h lg h tome strength.. The second, protective or filtering gel layer can cover or encapsulate the ' 
first gel pad layer. The difference in 10 nic strength can promote transfer of a component into or 
out of the layers. E.g., the low ionic strength of the first gel layer can promote osmotic 
movement of sample components into the first gel layer, e.g., increasing the sensitivity of the 
tirst gel layer for a sample component of interest. 

In another aspect, the invention features, a gel described herein, wherein a cell e g a 
hvmg cell, is disposed with in the gel. Such gels are sometimes referred to herein as "cell pads". 

In a preferred embodiment, the gel is a multi-layered gel described herein, having a first 
aver wnhout cells, and second layer which includes cells (e.g., bactena. or eukaryotic cells) 
(Alternately, cells can be grown on top of a gel layer, without being immobilized within a ' 
second gel layer). 



<^^nZ™:z:'T T m hav,ne • K " - ^ ■ — * 

gel layer. " Md S " hy " nhich »«P»I«« a firs, 

5 In a preferred embodiment a cell is disposed on ,he surface of a gel layer. 

In preferred embodiments a first gel layer includes de,e=,ion means for detecrimr the 
.0 irCr^ Tbecencanbepro.dedln.beaecond.ayeror 

to another aspect, the invent™ features, a method of detecrmg analvre e t cell 

Td 0r 3 Pr ° dUC ' ° f <** ^ P-inVor'plc B of 

transcription). The method includes: 

1 5 ^ Pr ° Viding 3 Sd HaVing 3 f ' rSt layCr Whkh indudeS a moiecule for detecting the 

analyte and a second layer having a cell, which, e.g., releases, produces, inacttvates, modifies or 
otherw 1S e affects the level of the analyte; moatnes, or 

(2) detecting the analyte. 

3 In a preferred embodiment, the first, the second, or both layers is an inteilieent gel e e 

an mtelhgent gel described herein. "gent get, e.g., 

In a preferred embodiment a biological molecule is attached to the first layer e e a 
pro on or nucleic acid; the bio.ogical molecule interacts with a second molecule e g a 
- b,o ogtcal molecule, e.g., a protein that forms a multimeric complex with the immobilized 

rloZllV Pr0t ! in ^r;, " 3 COmPlCX betWCen imm ° biIi2ed - * nucleic acid 

nnolecule, e.g., smgle or double stranded DNA, e.g., the nucleic acid binding sue for a 

^nsenpnon factor, rep.ication factor, structural protein, e.g.. a matnx attachment protein or a 

instone; the attached bio.ogical molecule interacts with a small molecule, e.g., a drug candi al 

rr: the gei conta,ns a tag ' a nuc,eic - « * - 

«h prot m, e.g., by the process of polymerase chain reaction (PGR), or bv binding to a mole Je 
that emus a strong signal, e.g., a fluorescent signal. 

growth IT ''TV, emb ° dimem 3 " SCCrete ° r rdease molec "'«. -ch as 
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In a preferred embodiment the cell is lysed and cellular components measured. 

... h 3 P ; efefTed emb ° dimem the msth ° d -aluates the response of a cel. t0 , stimulus such 
as addmon ofa growth factor, a toxin, a drug, or the like. - "nu^such 

In a preferred embodiment the gel is configured to permit cells in one layer (or pad) to 
secrete, release, or otherwtse modulate the level of a molecule which influences the growth of 
other cells a second layer or pad, e.g., in an adjacent pads. Thus, complex cell-based assays e 8 
autocnne system assays, or developmental assays, can be reduced to microscale format The 
cells m the first and second component can be the same or different. 

In a preferred embodiment, a step of the method is performed in resoonse to a 
signal generated by a computer. * 

In another aspect, the invention features, a method of detecting an analvte e g 
cell constituent (such as DNA) or a product of cellular metabo.ism (such as proteins, or products 
of transcription). The method includes: 

(1) providing a gel having a first layer which includes a molecule for detecting the 
analyte and a second layer having a ceil, which, e.g., retains, releases, produces, inactivates, 
modifies, or otherwise affects the level of the analyte; 

(2) detecting the analyte. 

In preferred embodiments the molecule for detecting is an antibody or a functional 
variant of an antibody, e.g., an aptamer. The antibody is either expose to the second layer or an 
analyte released from the second layer. Preferably, the analyte contains an antigen recognized by 
the antibody. Alternatively, the analyte acts an antigen to antibodies that are e.ther in solution or 
are present on the second layer. 

In a preferred embodiment a population of molecules are attached to the first layer. For 
example, the first layer represents and array of gel pads, e.g., intelligent gel pads, that each are 
md.vidu.Hy addressable and contain a unique population of attached molecules. The population 
of molecules in each gel pad can be either homogenous (i.e. all the same molecule), or under 
certam embodiments a heterogenous population of molecules (i.e. many different molecules). 
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Th monies be denved from Mlls ^ proKjn ^ jcjd ^ ^ ^ 

symhests. ,g., iBmm or small molecules. The chemical syndesis p roc =ss may represent 
many combinations of molecules, e.g., a combinatorial libray of chemicals. ,„ prefer 
embodiment, „, ge, pads comainin| molecu , B dKc[jbed herem ^ ^ expoMd m ^ 

dtsplay a unique protein on ,he solvent exposed surface of the phage, e.g., phage used h ' to 
techn.que called phage disp,ay. ,„ preferred embodiments, me phage is presem in a population 
where ,he phage, each expressing a unique pro.ein, as a group provides manv unique prmeins on 

S °' Vem " ^ - Wi"-™ - Pnage popu,a,,on interacts with me 

molecuies immobilized in me gel pads. In preferred embodiment, ,he ge, pads are imelUgen, 
and are presen, ,„ ,he expanded state. In preferred embodiment unbound phage are removed 
from the ft* iayer and any surrounding chamber. In preferred embodiments a population of 
cells are presented to the f,rs, ,ayer with a gel pad atray that contains molecules associated with a 
select group of phage. 

and m e,I h H 7"^. PC0Vi<iK gd Pa<i ^ 0 " " neXib ' e SUPP0 "' »"* - ' flexible tape, 

1 b n' 8 ^ US ' ng ,hem ' ^ f ° r S ' 0ri " g gCl " ad «"»• - «*"■ The ge, 

can be an mtelbgen. gel, e.g., an intelligent gel described herein. The arrays can be used for 

sequencmg by hybridization (e.g., where the pads include nucleic acid strands tmmobiliaed 

cot", f matnX) ' m " aSed ,e g " WhCTe « hC Pa " s indude - - - «*— - and 
comaemg. | lvl „ g cells) . and for othEr „„ s which wj|| be ^ ^ ^ rf ^ ^ ^ 

aurfac "TT 35 ' K ' :, ' ^ inVen,i ° n Pr0V ' deS neXib ' e Upe havins a « el P ad diapoaed on a 
surface of the tape. In prefaced embodiments: the tape comprises means for preventing 

L™; "H- r when ,hc ,ape is wound ™ a reei ™ re *• — « 

least one ndge which extends along a length of the tape. 

In another aspect, the invention provides a carrier for a tape having gel pad turays 

! line rrr" mdU - eS 3 h ° USi " E ' " « ,aPC ™' f " ^ - -ape, and visible or 
machine-readable mmca tor stonng infomtation about the tape stored in the earner 

A varielT !° inVen "°" Pr ° VidK gC ' " ad ^ ° n " exible subsM «' ™» * «pes. 
A vanety o tapes can be empioyed as substrates for the gel pad atray, Preferred tapes are ' 

ST 7* Wi ' h ' eS ' COndili0nS - * * aTC — -ays (to 

atrotehtng. ,o reduce dtstonion of ge, pad arrays deposed on the tape. e.g.. dunng manufacture 
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or storage of the tape. One preferred material for a tape substrate is polystvrene tape, which is 
commercially available from several suppliers. 

A tape substrate can be transparent or translucent, and optionaliy includes a masnetic 
coating for information storage. The film can optionally be optically encoded 

If atape having gel pad arrays disposed on a tape surface is wound up, gel material could 
potentially be transferred from one tape surface (e.g., the top surface) to another tape surface 
(eg, the tape back) which is pressed against the first surface when the tape is wound To 
prevent such transfer and consequent loss of gel pad integrity, the tape can be shaped or formed 
to have ndges or other structure along the length of the tape web. For example, as shown at the 
top of Figure 1. a tape can be provided with ridges along each edge, running along the length of 
the tape, to prevent contact between a gel pad and the layer of tape which is wound above the 
pad. This configuration ensures that the integrity of the gel pad will not be disturbed during 
storage of the tape. 

The invention also provides a carrier for tapes which includes gel pad arrays TV carrier 
includes a housing, and at least one tape reel (more preferably two reels) for winding the tape 
As shown in Figure 5, the tape carrier can resemble a conventional videotape housing although 
the d,mens.ons will vary depending upon factors such as the width, thickness, and length of the 
tape employed. In preferred embodiments, the housing includes a cover for closing the carrier to 
thereby exclude light, moisture, dust, or other contaminants which could degrade the tape or the 
gel pads disposed thereon. The housing can optionally include visible or machine-readable 
indicia, such as a bar code or magnetic recording stripe, for storing information (such as date of 
manufacture, type of gel pad array, and the like) about the tape stored within the enclosure. 

In general, the invention features, a method of analyzing , e.g., sequencing all or a part 
e.g., a single nucleotide of, a polynucleotide sequence in a sample. The method includes: 

providing a sample which includes a polynucleotide sequence to be analyzed- 

providing an array of a plurality of capture probes, wherein each of the capture probes is 
pos.tionally distinguishable from other capture probes of the plurality on the array, and wherein 
each positionally distinguishable capture probe includes a unique (i.e., not repeated in another 
capture probe) region complementary to the plurality of selector probes and wherein the array is 
a gel pad array described herein (each of the plurality of probes can be in its own gel pad)- 

hybridizing the selected nucleic acid molecule with the array of capture probes thereby 
detecting or identifying a selected nucleic acid molecule which bound to the polynucleotide 
sequence and thereby analyzing the polynucleotide sequence. 



In preferred embodiments the method includes one or more enzv™ m « ■ 
which a nucleic acid used in the methnA t_ ^ mediated reactions in 

The enzyme mediated reacrinn u. c nzymw mediatea reaction. 

extenston i„ *c presence of labeled dideoxy nucleotides (e , GenencTfT T 
-ction, c. g „ a Ugation, ,,, a action by a > ^ 

OCR) for DNA amplification); or a nucleic acid cleavage reaction el 
a restriction enzyme, e.g a Type lis en™,. „ , S ^ a d «vage catalyzed by 
) Tk. , •' ./ ' g ". Iyp ell!en2 !™ e ' 0r s<:l =f v age reaction catalyzed by a ribozvm, 
> The nucletc actd which hybridizes with the capture probe can be the subtnrate i n an e„™T 
ntedtated reacon, e.g.. „ can be ligated to a stmnd of the caprure orohc H ZL 
long a strand of the capture probe. Alternatively, the capture probe can be =1 nded ', " a h 
hybndized selected nucleic acid. (Any of the extension reacjs discul h ^ „^ °" S 

W r"h ' abded ' *** tCmina,i ° e ' SUb """ ! '' b u e^to increase 

specficty of the method „ , 0 olheroisE ^ „ ^ fcy . ,J> 

In preferred embodiments, the capture probe bound to a target becomes the subsnat. f„r 
an tsothemta, antpiification reaction, In cenatn embodiments the Urge, sZ^l 1 h 
^probe is a nucleic acid primer in a process .nown as Nucleic Mm^T ""■ 
Amphftcanon (NASBA), where a pnmer (Primer „ anached to the RNA target ^extended with 
a reverse tmnzcnptaae to font, a cDNA copy of the RNA target, RNase degraL" 

capture probe attached to the gel pad. In cenain embodiments an endonuclease is used to „i* 
the unmodified strand of a hemiphosphorothioate formed a, te helv 
. - for nic k na M , aI i 0n by . DNA polymerase that genemtes a new^t ~ h ^ 
known in the art as a Strand Displacement Assay (SDA). 

In prefer* embodiments the polynucleotide sequence is: a DNA molecule- all or n„„ „f 
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In preferred embodiments the polynucleotide sequence is: an RNA molecule- nucleic 
acids derived from RNA transcnpts; wild type RNA: mutant RNA, particularly a human RNA. 

In preferred embodiments the polynucleotide sequence is: a human sequence- a non- 
human sequence, e.g., a mouse, rat, pig, primate. 

In preferred embodiments the selector probes are coupled to a support orior to 
hybridizing with the target. 

In preferred embodiments the selector or capture probes are couoled to a light 
transmissable support, e.g., an optical fiber or fiber optic rod. The fiber' optic rod mav contain a 
single selector or capture probe or an array of such probes. In preferred embodiments the 
selector or capture probes are attached to a gel, e.g., an intelligent gel. The 

In preferred embodiments the method is performed: on a sample from a human subject- 
and a sample from a prenatal subject; as part of genetic counseling; to determine if the individual 
from which the target nucle.c acid is taken should receive a drug or other treatment; to diagnose 
an mdmdual for a disorder or for predisposition to a disorder, to stage a disease or disorder. 

In preferred embodiments the capture probes are single stranded probes in an array. 

In preferred embodiments the capture probes have a structure comprisine a double 
stranded portion and a single stranded portion in an array. 

In preferred embodiments, the capture probe forms a double stranded region with the 
target that contains a DNA base pair mismatch, e.g., a bubble in the double stranded DNA or an 
mtrastrand secondary structure, that is the subtrate for an enzymatic reaction, e.g., an enzymatic 
reaction med.ated by resolvase or mutS or cleavase I, with the product of the first^enzymatic 
reaction act.ng as the substrate for a second enzymatic reaction, e.g., a reaction with DNA 
polymerase in the presence of a nucleotide termoinator, e.g., a dideoxy nucleotide labeled with a 
fluorescent dye. Diagnostic assays incorporating some or all of these steps are known in the 
trade as enzymatic Mutation Detection (EMD) or Cleavase Fragment Length Polymorphism 
(CFLP). 



In preferred embodiments hybridization is detected by mass spectrophotometry, e.g., by 
MALDI-TOF mass spectrophotometry. 



In preferred embodiments hybridization is detected bv a signal aniDlifie„ in , , 
«*, hyperbranch chain DNA {bDNA); e.g. bDNA that binds* £££ ~" ~ 
generates a cclonmetric, fluorescent or proximily deteclion aasay^ pis 
phosphatase. In certain embodiments me ^ , 0 be „ ' 
molecule called a capnare extender tha, binds, in nam, to the bDNA which in Z I w 
-b*. phoshatase probes, ,n other embodimenta, the pro be is 
ntoiecule that aaknownro those skilled in the an aa, molecular beacon. 

tea preferred embodiment, a step of the method is performed in resoonse to a signal 
generated by a computer. signal 

include!" ^ ^ ' nVemi0n fCatUreS ' 3 mCth0d ° f > — • method 

providing a first reactant, e.g., a protein, e.g., an enzyme, disposed within a first 
■ntelhgent gel which changes porosity in response to an environment parang having a first 
value, e.g, a first temperature, ionic strength, or pH; 

providing a second reactant, e.g., a protein, e.g., an enzyme, disposed within a second 
melhgent g e, wh.ch changes porosity in response to an environment, parameter having 
second value, e.g, a second temperature, ionic strength, or pH; 

exposing the intelligent gels to the parameter at a first value, thereby causing a chanee in 
porosity of the first gel (and preferably not the second gel), and thereby moLatingl ^ f 
the first reaoant to a target, e.g., a molecule or a cell or other bioloeical structure- 
in ooro 77!? ime,liSent 8ClS t0 ParamCter 3t 3 SCCOnd Value ' casing a change 
n porosny of the second ge, (and preferab.y not the first gel), and therebv modulating exposur 
of the second reactant to a target, exposure 

thereby performing a reaction. 

seflu .'".I 3 PrcfCTred emb0dimem ' the flrst «e° s ^ »d the second exposure are performed- 
sequentially or simultaneously. epwiormea. 

In a preferred embodiment, the first exposure and or the second exposure is repeated. 

react, JT" 7 ^ diSP ° Sed inte " igent gdS ^ ^ C ™°"* »a.,gously to 
reacunt release, thus ,n a preferred embod.ment a first target is disposed in a first tit 

-Ihgent ge,. In a preferred a second target is disposed in a second target inte^ g , 
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In a prefeired embodiment a target gel and a reactantgel (a target-reactant pair) are 
disposed such that upon modulation of a parameter which causes one or more of the gels to 
change volume, the target gel and reactant gel are brought into or out of proximity or contact 
thus modulating the ability of target and reactant to come into contact. In preferred embodiments 
a plurality of such target-reactant pairs are provided. They can be individually activated by 
choosing intellingent gels which respond at different parameter values,e.g., different 
temperatures. 

Members of a target-reactant pair can be on the same surface or on different surfaces. 
When on two different surfaces the surfaces can be manipulated to bring the pair closer or more 
distant to one another. 

A target-reactant pair can be physically separated, such that molecules released form it do 
not interact with other target-reactant pairs. 

Other embodiments are within the clams and the following description. 

Detailed Description 

Brief Description of the Drawings 

Figure 1 depicts gel pads of the invention which include living cells. 

Figure 2 depicts apparatus for prepanng gel pads and transferring the pads to a substrate to form 
an array of gel pads. 

Figure 3 depicts a system for manufacturing and testing a tape substrate with gel pads disposed 
thereon. 

Figure 4 depicts an imager for.use in quality assurance of a tape substrate having gel pads 
deposited thereon. 

Figure 5 depicts a tape and a tape carrier. 

This invention provides gel pads and gel pad arrays having a variety of uses, some of 
which are known in the art. The invention also provides methods for making the gel pads and 
gel pad arrays of the invention. 
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Gel Pads an d Gel Array* 

The term "gel pad" as US ed herein rrfers t0 , discre , e „„,„„ 
substrate, such « a so,id support. . plMic , glass , or me[a , be 

m h ? 8 ; * " P * tra " SParOT ' <e g '- "P-*-** opd-l measurement throul 
•he pad and substrate) or opauu. The propenies of the support can be readUy S e!eo,edt use in 
any pantcular „„. ,„ M embodjments , ^ ^ ^ " » 

™,der conditions used ,o perform an assay or „ produce with „ e gel pad 
anny. An array can be any pattern of spaced-apan ge, pads dtsposed on a substrate: 
be o„ve„,en.ly provded in a gnd pattern, out 0 , her pmcm ca „ also bc ^ .^J ca " 
embody a ge, pad array according to ,he invention includes a, ieas, about 10 gel pads more 
pmferab,y at laas, abou, 50. ,00, 500, ,000, 5000, or ,0000 ge, pads. ,„ certain embodLed* 
to array ,s an array of ge, pads of substantia,* eq „a, sire, thidmess. density, and th e ,iTe g' 
~ ,ha, each ge, pad behaves consistent when contacted with a lK , mixture. ,„ eenatn" 
embodtments however, the pads of a gel pad array can differ from one another; e.g., a mixed ge, 
pad array can he counted which inCudes more than one size or type of ge, pad, eg ge, p^ 
n»de „ dtffercn, ge, matenais, ot wh.ch entrap different species such as reagents or 

Tmm r e ^ Prefe,Ied emb0dime " K ' 8d PadS " ^ - «b- about 

about 500 mtcron, sft„ more preferab.y less than abou, ,00, ,5, 50. 25, ,0, 5, I , or 0.1 micron in 

embod A ^ 7 ^ COnVenieM dimmi °" f ° r in 2 P 2 "™"" Prefened 
mbodtments, a ge, pad is thin enough, and porous enough, to permit rapid diffusion of at ,eaa, 

w^ e T D °: C 7 0MmS I"'" ^ «" P3d * hC " a — « -P— is p,a=e din contact 

hvbrilf eXamp ' " °" 5 5mb0di,nent - a 851 pad "V f °' « "I"-** by 
hybntatton perm 1K polynucleotide fragments from a sample mixture to diffuse (within a 

conventen, y shon time period, i„,„ the ge, pads and hybrid,* ,o o,igo„uc,eo,id= capture 

sequences dtsposed within the gel pads. ,„ certain preferred embodiments, a gel pad (e g in an 

^ a d"" CteS ' eaS1 ^ * * 4 °' 50 " '» 

than ab ut , mdhmcter, 500 microns, 200, ,00, 50, 40, 30. 20, 10, 5. , or 0., microns 
species f W d i b r l aPPreCUKd fo ^o.ng that a gel pad can entrap additiona, chemtca, 

tndude DNA probes have been used for SBH (for example, U.S. Patent No. 5.552 270 to 
Ktapxo e, af. and U.S. patent 5.525,4od t0 Dnnanac « uf). Thus, a ge, pad an bp pared 
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such that a chemical species is trapped within the gel pad, of a desired species can be added after 
the gel pad has been prepared, e.g., by contacting a preformed gel pad with a solution of the 
reagent and allowing the reagent to diffuse into the gel pad. Examples of reagents which can be 
entrapped, suspended or dissolved in a gel pad include proteins, such as enzymes (e.g ligases 
which can be useful for positional SBH (see, e.g., Cantor, U.S. Patent Nos. 5,503,980 and 
5,63 1,134)), polynucleotides, growth factors (e.g., for use with cells, e.g., see infra), salts and the 
like. 

Derivatized Gels 

Gels described herein can be made with derivatized subunits, e.g., subunits with are 
coupled to a molecule of interest. A gel component, e.g., layer or pad (e.g., in an array) can be 
prepared through the use of a derivatized monomer unit, followed by formation of the gel 
component by polymerization of the monomer. For example, acrylic acid can be readily 
derivatized with a polynucleotide (e.g., a probe for use in SBH); for example, a polynucleotide 
can be coupled to acrylic acid through the use of a conventional coupling reagent such as 
dicyclohexylcarbodiimide (DCC) (or a water-soluble derivative thereof such as l-(3- 
dimethyiaminopropyO-3-ethylcarbodiimide, EDC). Alternatively, amino or aldehyde groups in 
the gel can couple to oligonucleotides bearing aldehyde or amino groups, respectively, in the 
presence of a reducing agent, e.g., as described in Timofev et al., 1996, Nucleic Acids Research, 
24:3142-3148. A spacer or linker moiety can be used to increase the distance between the 
acrylate monomer and the polynucleotide, if desired, e.g., to increase mobility of the 
polynucleotide in the polymer). The resulting acrylic ester of the polynucleotide can then be 
disposed in an array format on a substrate, e.g., by dispensing a solution of the acrylic ester 
through a nozzle or array of nozzles (such as conventional piezoelectric ink-jet printing nozzles; 
see also Patent Cooperation treaty Publication WO95/04594). Alternatively, an array format can 
be provided by using a cast or mold. The array of droplets, e.g., dispensing to a mold containing 
an array of voids, is then polymerized in situ to provide an array of gel pads which incorporate a 
polynucleotide covalently bound to the gel polymer. 

Gel Arrays Using Intellieem Gels 

In one aspect, the invention provides methods for making gel pads and gel pad arrays. In 
certain preferred embodiments, gel pads and gel pad arrays can be conveniently prepared bv use 
of "intelligent gels." 

An intelligent gel, as used herein, can be a gel having an internal lattice which defines 
pores in the gel structure. In preferred embodiments the lattice is covalently stabilized. An 
intelligent gel can exist in two states: a first state in which pore size is, relative to that of the 
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AUh-Sh to pore s.ze changes b, w «„ states, ,he lattice maintains * imegnIy md * £f 

Tanaka, 1988, y. CWA*. 89:1695-1703; Matsuo and Tanaka, 1992, Na, m 358-48,. 
Kokutata « a,., ,99,, We, 357*02; and ^ Tanaki , 992 , tope 

whtch pore se,ze change is accompanied by a change in ,he volume of me gel and ••'lattice 
~ m.eBgen, gels „ which pore ^ ■ k ^ • 

condensate, aee Tokita and Tanaka, l 99.,5c/ence,253:ll 2 l-,P3 See also,! 
aU on the Move.., Nm , vo , 355 , p , 208-20, 

ZZl7 S T P ;T r COmr0 " ed °'" DnJS5 "' ™<- *<• PP. 29,- 

29 1991), Suauk, e, al„ "Phase Transition in Polymer Gels Induced by Visible Light" L,r« 

~ n 345 " 3 : (, r >i0sada « ■ «*■ • 

(1993), R. Dagam, "Intelligent Gels." CAen,. Eng. News., June 9, 1997). 

In a preferred embodiment, ,he intelligent gel has an expanded pore state and a 
" Z\T J^T** POrt —nie which is up ,o 

Isageb 2 '* ^""^^^^-iSh'ofthelargcstmolecule which is flowed 
passage by the m.mm.zed pore state. In a prefer) embodiment the gel allows, e.g when .he 

5o7orT 0~T Se ° f m0 ' eCUlCS (M PmiCleS) ° f " "** °'' °' 5 - '" 5 ' 10 ' '* «* ™, 
' or ^000 kilodilations to enter the gel. 

,h. eel etr dal " C r e " igtm Se ' S U " derg ° ^ a0mP ' C SWdlinS " d process where 

hnS La ° f C ° ntraaS CqUa " y ta b0 "' IC " g,h "* Wid,h ' Th = ° f - 

hnnkmg can be enher conunuous or discontmuous, based on the balance berween molecular 

i!r;, a ' 8 " r 0S,a " 0, ° Sm ° tiC ' hydrophobic . V "> Waala, hydrogen bonding and ion-ion 
n«™,ons. Examples of intelligent gels include gels wh,ch become softer or finl (e g 
»l,d,fy or „ qUEfv) ,„ respo „ M , 0 chMges fa temperamrc co *■ 

1 7 <e S " Ul,raVi0lel ^ radia ' i0n, • " — » »f . se,=c,.7 

m ta ,on elecmcal curren, magnetic field, and the like. For example, a copolymer of 

poWactyhc acd) and poly<N-isopro P ylacry,am,de) has been repotted to be rcmperamre- 

sen-ve. swellmg a, lower temperatures and collating a, higher temperarures tJL a, 

M^AW. J01t20, (,995,,. One of ordinary ski.! in ,he art win be able to select L 

expenmenrano, ,„ cemm preft „ ed embodimems m for ^ 
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invention is responsive (e.g., liquefies) in response to an increase in temperature or irradiation 
with ultraviolet light. 

Examples of suitable intelligent gels include: 

5 

N-ackylacrylamide group, e.g., N-isopropylaerylamide and N,N- 
Diethylaerylamide. 

Independent interpenetrating polymer networks (IPNs) in which one cross-linked 
network is intertwined with another, e.g., poly(acrylic acid) and poly(N,N- 
Dimethyiacrylamide), or polyethylene oxide) and poly (N-Acryloylpyprolidine). 

The IPNs are particularly suitable for pulsated gels pads (gel pads that exhibit rapid 
expansion/contraction cycles). 

15 Gels can be liquefied at ambient temperature (25°C) and solid at higher (i.e., body) 

temperatures (37°C). 

Other intelligent gels are described, e.g., in Bromberg and Ron, 1998, Advanced Drug 
Delivery Reviews, 31:197-221; Schild, 1992, Prog. Polym. Set 17:163-249; Irie, 1993, Adv. 

20 Polym.Sci. 110:49-65; Okano, 1993, Adv. Polym. 5c/., 110:179-200; Sen et al., 1998, Polymer, 
40:913-917. Also useful are bilayer membrane gels, e.g., as described in Tsujii et ah, 1997, 
Macromolecules, 30:7397-74029; and Hayakawaet al., 1997, Langmuir, 13:3595-3597; 
intelligent gels that can recognize and recover molecules, e.g., as described in Tanaka et al., 
1996, Faraday Discuss., 102-206; and Umeno et al., 1998, Bioconjugate Chem, 9:719-724; 

25 intelligent gels that can function as a detachable cell culture substrate, e.g., as described in von 
Reum et al., 1998, J. Biomed Matter Res, 40:63 1-639; Intelligent gels used for drug delivery that 
are comprised, e.g., of block co-polymers of poly(ethylene) oxide and poly(propylene) oxide, 
otherwise known in the trade as Pluronics or Poloxamers, e.g., as described in Alexandridis and 
Hatton, 1995, Colloid Surfaces A, 96:1-46; and Wang and Johnson, 1991,7. AppL Polym. ScL, 

30 43: 283-292; intelligent gels attached to a fibor optic rod, e.g., as described in McCurley, 1994, 
Biosensors & Bioelectronics,9: 527-533; polymerized colloidal crystal hydrogels used as 
chemical sensors, e.g., as described in Holtz and Asher, 1997, Nature, 389: 829-832; intelligent 
gels used to encapsulate proteins, e.g., as described in Serres et al., 1996, Pharm Res, 13:196- 
201; and Baudys et al., 1996, Drug Delivery Systems, Springer, Tokyo, pp 1 12-1 15. 
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In an .llustrative embodiment, gel, e.g., an intelligent gel, can be used to orepare a gel pad 
array. The gel pads can comprise an intelligent gel, or the intelligent gel can be used as a form or 
mold to prepare a gel pad array. For example, in one embodiment, a gel which liauefies in 
response to UV irradiation is cast is in a thin film on a substrate such as a glass plate The gel 
can incorporate reagents, such as polynucleotide probes for capturing fragments of DNA from a 
solution; alternatively, such reagents can be added after the array has been formed The gel is 
allowed to cool and solidify. The gel layer is then masked, e.g., with a mask such as is 
conventionally used in photolithography; the mask protects gel portions in an arrav confieuration 
on the substrate (e.g., a 100 x 100 array of gel pads). The masked gel layer is exposed to " 
ultraviolet light. The exposed portions of the gel liquefy and are poured off or washed off with a 
suitable solvent, without disturbing the array. After irradiation and removal of the mask, an array 
ofgei pads is obtained. 

Examples of the use of photolithographic masks in the generation of arrays of gel, e.g., as 
described in Guschin et al., 1 997, Analytical Biochemistry, 250:203-2 11. 

Alternatively, a gel, e.g., an intelligent gel can be used as a mold or form for preparing a 
gel pad array. A gel which is temperature-responsive is cast on a substrate. The gel layer is then 
exposed to a laser, which is rasters over the gel layer and irradiates selected gel portions in the 
configuration of an array (see also Patent Cooperation Treaty Publication WO95/04834). The 
portions of the gel pad which are exposed to the laser source are heated and become liquefied; 
the liquefied portions are removed, e.g., by gentle washing. (The gel layer could be selectively 
heated by-other means, such as an array of heated wires or probes which are brought near to or 
into contact with, the surface of the gel layer.) The gel layer now has an array of "holes" formed 
by removal of the gel portions exposed to the laser source. These "holes" can be filled with a 
second gel (which can be a different intelligent gel or a conventional gel, such as 
polyacrylamide); the second gel is permitted to solidify, forming an array of gel pads within the 
intelligent gel layer. The slide is then heated (e.g., by placing the substrate in a warming bath or 
a wanning oven) to liquefy the intelligent gel layer, which is then removed by washing or 
pouring off the liquefied material. An array of gel pads remains on the substrate and can be 
further processed, if desired. 

It will be appreciated that the methods of using intelligent gels to prepare gel pad arrays 
will have many applications. The mild conditions employed can be tailored to the preparation of 
a w,de variety of intelligent and conventional gel pad arrays, preferably without degradation of 
sensit.ve reagents, such as polynucleotide probes, which may be present in the gel layer. 
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Methods for preparing gel pads, e.g., such as conventionally known or described herein, can be 
combined, if desired. 

Furthermore, the use of intelligent gels in gel pad arrays provides additional advantages. 
For example, an intelligent gel pad can be provided which swells in response to a change, such as 
5 the presence of an analyte of interest. For example, an intelligent gel which swells in response to 
pH changes in provide in a gel pad on a support. The gel pad includes glucose oxidase. The 
reaction of glucose oxidase with glucose produces gluconic acid, lowering the pH of the gel. 
Thus, in the presence of glucose in a sample solution which is brought into contact with the gel 
pad, the gel pad will shrink. A gel pad can be provided adjacent to a piezocrystal, such that 

1 0 changes in gel pad swelling produce a piezoelectric signal, which can be detected and correlated 
with the glucose concentration. 

Gel pad arrays can also be prepared by treating the surface of the substrate to create a 
pattern of alternating hydrophobic and hydrophilic sites on the surface. For example, a glass 
surface can be silated with a conventional silating reagent to prepare a patterned surface having 

15 hydrophobic and hydrophilic portions. A gel, such as an intelligent gel, is then poured onto the 
surface. A hydrophobic ge! will be repelled by a hydrophilic surface, while a hydrophilic gel 
will be repelled by a hydrophobic surface. A patterned surface can be used to urge the liquefied , 
gel into a pre-selected pattern on the substrate, thereby forming a gel pad array. 

Another method for preparing a gel pad array comprises preparing individual gel pads, or 

20 sub-arrays of gel pads, on a first substrate, and then transferring the individual gel pads to a 
second substrate, in array format, to prepare a gel pad array on the second substrate. This 
method can be used to substantially avoid covaient attachment of the gel pad to the second 
substrate. In addition, the gel pads prepared on the first substrate can be examined to ensure 
quality of the individual gel pads, and faulty gel pads (e.g., of the wrong shape or size) can be 

25 removed before the final array is prepared on the second substrate. This procedure can prevent 
the formation of arrays which contain faulty or non-standard gel pads. Moreover, the gel pads 
can be further processed (e.g., washed, imparted with an additional component such as a protein, 
and the like) prior to transfer of the gel pads from the first substrate to the array format on the 
second substrate. 

30 For example, gel pads can be prepared on a first substrate, such as a tape, and then 

transferred to a second substrate, such as a glass or plastic plate, in an array format, to provide a 
gel pad array on the second substrate. The gel pads can be transferred by contacting the first and 
second substrates, e.g., by pressing the first substrate against the second substrate, such that the 
gel pads are transferred from the first substrate to the second substrate. The transfer can be 

35 facilitated by making using first and second substrates which have different surfaces, e.g., a 

hydrophobic first substrate and a hydrophilic second substrate; in this example, a hydrophilic gel 



pad will be more adherent to the second substrate and will be Warred from the dm „,h _ 
,o rhe second subsrrate whan rhe two snbsrratea are pressed together. M^^l 
be mod,„ed pnor to tha tracer process by a reagent, e.g., a reagen, disoensed J m f ' ^ 
electnc flutd.c diapensmg robot, said reagent ereattng a ehange in me go, p aa J Jl' ° 

charged and the electric charge of the firs, and/or second subs™ car, be djusted J « 
gel pad „ repelled from the firs, substrate and anractad to the second subs J.. ,„ " 
embod.men, en in.elligen, gel can be employed to facilitate the transfer. For example the firs, 
subs™ can be coated with a thin layer of an intelligent ge, such as descnbed above, prior ro ho 
deposmon o, the ge. pad, on the firs, subs,ra,e. Whan the firs, and second subs,ra,es I placed 

Smar, Hydrogel , wh,ch l.ouefies a, cooler tetnperarures, liquefaction can be accomplished by 
coolrng the first and/or second substrate. When the intelligent gel is liouefied, the gel pads 
deposed on the intelligent gel layer on the firs, substrate crutno, adhereto the firs, substrate and 
are trumferred to rhe second substrate. Similarly, for other intelligent ge, s , the fltsI mi/or 
second subsrr.,es (or selected ponions thereof) can be heated, subjected ,o an electric current 
contacted with a solution hav.ng a high pH or sal, concemration, and the like, ,o liquefy or soften 
,he mtelhgen, and .hereby release the gal pads from the firs, sobarrate and adhere the pads to the 
second substrate. 

In one exemplary embodiment of this method of the invention, illustrated in Figure > a 

system for creating gel pads on a first substrate and transferring the pads to an array format on a 

second substrate includes tape winding ree,s ,0, 12 between which a tape 15 (e.g., a polystyrene 

tape) (first substrate) ,s passed. The tape can oot.onally be used for information storage eT by 

coaung with a conventional magnetic oxide layer. As the tapepasses from the first tape reel 10 

U .s gutded along a tape path by guide wheel 20, past a ge. pad dispenser (e.g., a nozzle, not ' 

shown which deposits a solution of the gel monomer, which can be polymerized in situ) which 

deposus gel pads along the tape 15. The gel pads can optionally be washed, e.g., by spraying the 
pa s w lth . buffer solmion fol[owed by air . drying> jf desired As • VJJ^ 

r2 l T Z m Z¥? ^ ^ 3SSayed 10 CnSUrC qUa " ty ° f thC padS ^Po-ed (see infra and 
F.gures3and4). Defective pads are noted and the location stored and tracked e * in a 

37°^ t3Pe ^ ° Ver 2 ^^"^ 0mr ° lled h5ad 30, which^'an be heated 

LTroctm u7 r ^ Pr0Pert ' eS ° f Sd ^ emP,0yed - ThC tapC he3d is »V 
microcomputer wh.ch first ensures that the ge. pad currently under the head is not defective- 

defects pads are passed unchanged over the tape head and toward tape takeup reel P where 
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they are collected. If the gel pad under the tape head is of acceptable quality, the microcomputer 
positions the tape head over the second substrate 40 (or moves the second substrate 40 under the 
tape head) to the correct location for the next pad in the an-ay on second substrate 40. The tape 
head is then urged against second substrate 40 and the temperature is changed (e.g., the tip of the 
tape head is heated). In response to the change in temperature, the gel pad is dissociated from the 
tape 15 as the tape head is pressed against the surface of a second substrate 40, and the 2 el pad is 
transferred to the substrate 40. Used tape is collected past guide wheel 22 to takeup reel 12, and 
can be cleaned (e.g., to remove defective pads and any residue) and reused for further array' 
preparations. 

Gel pads can be transferred from the first substrate in groups, e.g., in a row or rows, 
rather than one at a time, as illustrated above. Furthermore, the second substrate can also be a 
tape, rather than a rigid substrate; in this case, the second substrate tape could be urged against 
the first (tape) substrate by means of a roller or other tape transport mechanism. It will also be 
appreciated by the ordinarily skilled artisan, in light of the disclosure herein, that systems such as 
15 described herein can be used to effect the transfer of arrays of nucleotides (including/but not 
limited to DNA, RNA, and peptide nucleic acids) from one substrate to another, with or with 
concomitant transfer of a gel pad. Thus, for example, DNA can be transferred from one substrate 
to another, e.g., electrostatically, as described above. 

A manufacturing system for preparing a first (tape) substrate with gel pads deposited 
20 thereon is shown in Figure 3. The system includes tape reels which serve to pass tape, at the 
urging of a precision stepper, under a dispenser, which provides pads on the first substrate. The 
pads are polymerized at a polymerization station, followed by washing at a wash station to 
remove impurities, unpolymerized monomers, and the like. The QA station can include a 
spectrophotometric instrument for determining the size, shape, and quality of the pads deposited 
25 on the substrate. In one embodiment, a charge-coupled device camera can be used to detect 

fluorescence, e.g., in response to a laser source, of a fluorescent molecule which is incorporated 
in the gel layer (and can optionally be removed at a later processing step, e.g., a second washing 
station). An exemplary imaging system is shown in more detail in Figure 4..If a magnetic layer 
is included in the tape substrate, the tape can be encoded with information such as date of 
30 manufacture, location of defective pads, and the like. The tape is taken up on a take-up reel and 
stored for later transfer of the pads to an array on a second substrate, e.g., as described above. To 
prevent destruction of the pads as the tape is wound on the take-up reel, the tape can be ridged, 
for example as shown in the upper inset of Figure 2, to prevent crushing of the pads. 

In another embodiment, the first substrate can be a roller, e.g., a cylindrical element. Gel 
35 pads can be provided on the surface of the roller as the roller is rotated by a motor, the gel pads 
on the roller can be washed and assayed as described above. The gel pads are then transferred 
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from the roller surface to the second substrate (which could he rigid or a flexible tape) as 
descnbed above. Afler the gel pads are transferred to the second substrate, the roiler surface as it 
rotates preferably passes through a cleaning apparatus. The roller surface can then be cleaned 
with each revolution to prevent contamination of gel pads with residue from preceding 
preparations. This system advantageously can provide continuous, rather than batch, operation 

The invention also provides multi-layered gel pad constructs. For example, i'n one aspect 
the mvention provides a gel pad which comprises at least two gel layers in contact with each 
other, e.g., a first gel layer on which is disposed a second gel layer, or first gel layer adjacent to 
and m contact with a second gel layer. A multi-layer gel pad of the invention can have two 
three, four, or more layers, although greater numbers of layers will generally require more effort 
to prepare. The multi-layer gel pads of the invention can be configured to provide a variety of 
functions. For example, a first gel pad layer can include a polynucleotide (e.g., a probe for 
performing SBH) within the first gel matrix. A second gel layer can be disposed over and 
covering the first gel layer, the second gel layer can be a gel having an effective pore size small 
enough to prevent the diffusion of high-molecular-weight substances, such as proteins. The 
second layer thus serves as an effective barrier to prevent diffusion of substances, e.g., proteins 
from a sample solution into the first gel layer, or from the first gel layer into solution. The mulii- 
layer gel pad can prevent interference from sample constituents, or can prevent the loss of 
valuable components from the first gel layer. 

In another embodiment, a first gel layer can be formed with low ionic strength, e.g., an 
ionic strength lower than the ionic strength of a sample solution to be applied to the gel pad 
array. A second, protective or filtering gel layer covers and encapsulates the first gel pad laver 
The low ionic strength of the first gel layer promotes osmotic movement of sample components 
into the first gel layer, thereby increasing the sensitivity of the first gel layer for a sample 
component of interest. 

A multi-layer gel pad can be constructed by methods known in the art for the preparation 
of single-layer gel pads, or by the methods described herein. It will be appreciated that in certain 
embodiments, it is preferred to maintain registration between the layers of the multi-layer gel 
pad, e.g., in certain embodiments, it is preferred to place a second gel layer directly atop a first 
gel layer. The use of a mold or form can be useful in this embodiment, because molds can 
provide good registration between layers.. A particularly useful method for preparing a multi- 
layer gel pad array is the intelligent gel "molding" or "forming" layer methodology described 
above. 

In still another embodiment, the invention provides gel pads which include living cells 
(referred to herein as "cell pads"). In one embodiment, the gel pad of the invention is a multi- 
layered gel pad, having a first layer without cells, and second layer which includes cells (e g 



bacterial or eukaryotic cells). (Alternatively, cells can be grown on top of a gel layer, without 

being immobilized within a second gel layer). Exemplary embodiments are shown, in Figure 1. 

Figure 1 A depicts a first gel layer disposed adjacent a second, cell-containing gel layer. Figure 

IB depicts cells immobilized in a second gel layer which encapsulates a first gel layer. Figure 

1 C shows cells maintained on the surface of a gel layer. The cells can be maintained in culture. 

This embodiment, provides a useful assay format for performing cell based assays in an array 

format. For example, the first gel layer could include detection means for detecting the presence 

(or absence) of a cell constituent (such as DNA) or a product of cellular metabolism (such as 

proteins, or products of transcription). For example, the cells in one layer can secrete molecules, 

such as growth factors, which can be monitored by the use of capture molecules in another layer 

of ;he multi-layer gel pad. The cells can also be lysed and cellular components measured! Thus, 

the response of the cells to a stimulus, such as addition of a growth factor, a toxin, a drug, or the 

like, can be monitored in a convenient and easily handled format. 

Cell pads can also be configured to permit cells in one pad to secrete molecules which 

influence the growth of other cells in adjacent pads, e.g., an autocrine system. Thus, complex 

cell-based assays can be reduces to microscale format. * 1 ' A 

<b«A-bas«i f*acV<ovib cKebCx^M V^AU^a cAo b*. pAtor^^ 

Those skirted in the an will recognize, or be able to ascertain using no more than routine 
experimentation, numerous equivalents to the specific procedures described herein. Such 
equivalents are considered to be within the scope of this invention and are covered by the 
following claims. 

The contents of all publications and patent applications described herein are hereby 
incorporated by reference. 

Other embodiments are within the following claims. 



What is claimed is: 



